Background: In Korea, the National Health Insurance program has initiated various copayment policies over a decade in order to alleviate patient financial burden. This study investigated healthcare spending and utilization in the last 12 months of life among patients who died with lung cancer by various copayment policy windows. Materials and Methods: We performed a retrospective cohort study using nationwide lung cancer health insurance claims data from 2002 to 2012. We used descriptive and multivariate methods to compare spending measured by total costs, payer costs, copayments, and utilization (measured by length of stay or outpatient days). Using 1,4417,380 individual health insurance claims (inpatients: 673,122, outpatients: 744,258), we obtained aggregated healthcare spending and utilization of 155,273 individual patient (131,494 inpatient and 103,855 outpatient) records. Results: National spending and utilization is growing, with a significant portion of inpatient healthcare spending and utilization occurring during the end-of-life period. Specifically, inpatients were more likely to have more spending and utilization as they got close to death. As coverage expanded, copayments decreased, but overall costs increased due to increased utilization. The trends were the same in both inpatient and outpatient services. Multivariate analysis confirmed the associations. Conclusions: We found evidence of the higher end of life healthcare spending and utilizations in lung cancer patients occurring as coverage expanded. The practice pattern within a hospital might be influenced by coverage policies. Health policy makers should consider initiating various health policies since these influence the long-term outcomes of service performance and overall healthcare spending and utilization.
Introduction
Cancer is the leading cause of death in Korea since 1983 (Statistics Korea,2012 and is associated with the largest disease burden (Yoon et al., 2007; Kimman et al., 2012) . Of cancers, lung cancer has one of the highest fatality rates, and is the leading cause of cancer-related mortality in the South Korea and worldwide (Jemal et al., 2011) . The latest statistics showed that numbers of incident lung cancer cases were 20,711 (out of 202,053, 71% male), deaths were 15,623 (out of 72,046, 73% male), and prevalent lung cancer cases were 43,564 (out of 960,654, 66% male) during 2010 in Korea (Jung et al., 2013) . In Korea for 2010, 72,046 cancer deaths were reported, with lung cancer accounting for 28.2% of all deaths, the highest cancer fatality rate in both male and female. Five-year survival rates for lung cancer are under 20% and average survival is about six months, one of the lowest survival rates, because most patients have advanced-stage lung cancer at their initial diagnosis (Jung et al., 2013) .
Healthcare in general and cancer care in particular is very expensive (Meropol and Schulman, 2007) . Moreover, advancement of new cancer diagnostics and treatments contributed to rising costs for cancer care as well (Sullivan et al., 2011) . Evidence from other countries shows costs rising at a rate outpacing inflation and consuming an increasing share of expenditures at all budgetary levels in almost all countries. Simultaneously there are rising questions of cost-benefit for the proven interventions by individual or society level (Sullivan et al., 2011) . It is ideal that more effective and less toxic cares should be initiated , but the price of those innovations are required further costs unfortunately (DiMasi et al., 2003) . Furthermore, health care utilization is associated with dying, suggesting that a large proportion of expenditures occur in the last few months prior to death (Lubitz and Prihoda, 1984; McCall, 1984; Scitovsky, 1984) . In the United States, healthcare spending in the last year of life consumes approximately 27% of the Medicare budget and has done so consistently over the past decades (Lubitz and Riley, 1993) .
The Korean government introduced mandatory social health insurance for employees of large corporations in 1977 and achieved universal health insurance program in 1988 (Jeon and Kwon, 2013) . However, even with the universal coverage through the mandatory National Health Insurance (NHI), only 58.2% of total health expenditures are associated with the public sector, comparing to 72.2% for OECD countries as of 2010 (OECD, 2012) . Korea also faces with health care spending issue that the highest rate of growth, more than twice the OECD average (OECD, 2012) . NHI members still need to pay high out-of-pocket payment (copayments) and full payment for uncovered services, to some extent related to fee-for-service reimbursement system that might supplier induces demand and relatively fast adoption of state-of-art technologies (Kwon, 2009 ).
Since cancer is associated with expensive treatments, drugs, and other diagnostic procedures, NHI initiated various copayment policies over a decade to alleviate patients' financial burden. In January 2004, NHI initiated a copayment policy that limits copayments to 20% for cancer patients in outpatient services where normal copay is 50%. In September 2005, the coverage was expanded to 10% copayments for both inpatient and outpatient services for cancer patients. In December 2009, the coverage was expanded again to 5% copayments for both inpatient and outpatient services. The landmark RAND Health Insurance Experiment conducted in the late 1970s randomized families to different health insurance plans that varied in their cost-sharing. They found that families subjected to higher cost-sharing reduced the use of health services virtually across the board, including fewer physician visits and fewer adult inpatient hospital stays, less preventive and non-preventive care, and less use of both effective and non-effective care (Leibowitz et al., 1985; Lohr et al., 1986; Newhouse, 2004) . There are similar findings in a pediatric population (Sen et al., 2012) .
The effects of increased cost-sharing on use of health services are well-documented, but the impact of expansion of insurance coverage on healthcare spending and utilizations is less researched (You et al., 2013) . In the roughly 10 years since the policy was first implemented, there has been no comprehensive nationwide investigation into the effect of the coverage expansions. This study aims to fill this gap by exploring how expanded national insurance coverage during the past decade impacted health care service spending and utilization at the end of life for lung cancer patients.
Materials and Methods

Data collection and construction
We collected all nationwide lung cancer inpatient and Since the dataset is health insurance claim data, we included only patients who died with lung cancer and transposed the dataset to a retrospective cohort design with the baseline as death of each patient. To investigate secular trends and factors influencing health care utilization and spending of lung cancer patients, we aggregated each patient's spending and utilization by three month intervals up to 12 months before death [3 months before death, 3-6 months before death, 6-9 months before death, and 9-12 months before death]. We selected the span of 12 months before death to see pure end-of-life lung cancer spending and utilization.
In Korea, the fee for services (FFS) catalogue is negotiated by the government, providers, and other stakeholders every year. We discounted all inpatient and outpatient costs to 2002 levels using each year's negotiated FFS catalogue. To investigate the copayments policy impact, we created dummy variable such that each patient's aggregated health care spending and utilization information fell within specific policy periods. The yearly mean of the FX rate was 1USD=1251.20 KRW in year 2002 (cf. The yearly mean of FX rate of year 2012 1 USD=1126.88 KRW).
Since year 2002 is baseline point of measuring each patient's cancer progression, we deleted the year 2002 dataset. Furthermore, we excluded patients diagnosed with lung cancer more than five years prior, assuming those patients did not have severe lung cancer. Finally we excluded patients with inpatient total costs less than 300,000 KRW and outpatient costs less than 100,000 KRW, assuming those hospitalization and outpatient visits were occasional. DOI:http://dx.doi.org/10.7314/APJCP.2014.15.13 
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We first examined characteristics of nationwide lung cancer patients at their time of death by inpatient and outpatient status. Then we examined trends of health care spending and utilizations by three month intervals up 12 months before death, by their inclusion in various copayment policy windows. Student's t-test and analysis of variance were used to compare mean spending and utilization. After adjusting for patient demographics and other potential confounders, we used multivariate analysis to investigate the effect of copayment policy on health care spending and utilizations. We used generalized linear models for each patient's three month intervals before death. SAS 9.2 (SAS Institute, Cary, NC) was used for all calculations and analyses. All statistical tests were twotailed, and we rejected null hypotheses of no difference if p-values were less than .05, or, equivalently, if the 95% CIs of risk point estimates excluded 1.
Results
An overall trend of healthcare spending and utilization by lung cancer patients is presented in Figure 1 . Both discounted spending and utilization gradually increased over the past decade. Table 1 shows baseline characteristics of lung cancer patients nationwide. Since our study investigates spending and utilization retrospectively from time at death, 155,273 patients met our cohort definition. This included 131,494 inpatients and 103,885 outpatients. Most patients were male and mean age was about 70. More than 80% of patients died during their diagnosis year (progression =0, 54.2%) or in the following year (progression =1, 29.6%). Table 2 depicts overall lung cancer episode spending and utilization, and three month intervals until 12 months before death by both inpatient and outpatient services. A significant portion of inpatient healthcare spending and utilization occurs during the end of life. Most patients were hospitalized (105,121 out of 131,494) in the three months before death. This end-of-life period spending and utilization were higher than other periods. The likelihood of inpatient hospitalization gradually increases as patients get close to death. However, the trend in outpatient cost is completely different from the inpatient. Although the number of patients increased close to death, outpatient spending and utilization decreased with approaching death. All differences were statistically significant.
The results of bivariate analysis of each outcome variable by specific copayment policy periods are presented in Table 3 . As noted, inpatient costs increased as patients get close to their death and utilization (defined as length of stay) also increased. In contrast, outpatient spending and utilizations gradually decreased until close to death. Especially for policy impact, both inpatient and outpatient copayments significantly decreased as national health insurance coverage expanded, while the total costs and payer burden significantly increased.
The results of the multivariate generalized linear model analysis are presented in Table 4 . Inpatient model results show that total costs and payer costs increased DOI:http://dx.doi.org/10.7314/APJCP.2014.15.13.5265 Healthcare Spending and Utilization by Lung Cancer Copayment Policy in Korea as inpatient coverage expanded. Of course, copayments significantly decreased by three-month intervals. Policy periods including outpatient coverage expansion only (2004.01.-2005.08 .), however, did not affect inpatient costs. Since inpatient coverage was expanded, length of stay significantly increased in all three month intervals. Copayment reduction was greatest in patients hospitalized during the three months before death. Outpatient model results are presented that demonstrate increases in total costs and payer costs as coverage expanded and the copayments significantly decreased. More coverage expansion was associated with greater copayment reductions. Likewise, inpatient length of stay, outpatient days increased as coverage expanded. In both inpatient and outpatient, three to six month intervals were associated with the highest costs and length of stay, and of outpatient days as well.
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Discussion
In this study, we examined the association of cancer coverage expansion policies on individual patient overall healthcare spending, copayments, payer costs, and utilizations measured by inpatient length of stay and outpatient days. The nationwide dataset over the decade used for the study included all lung cancer patients within the national health insurance program. The different health insurance coverage expansion policy initiatives were used to compare health care spending and utilization with three month intervals up to a year before death.
Most patients were hospitalized in their end-of-life period, especially in last three months before death. Most inpatient spending occurred in that period as well. Regarding the impact of insurance coverage expansion policies, patients were more likely to use inpatient and outpatient services as coverage expanded, hence overall healthcare spending increased due to higher utilization in lung cancer patients (You et al., 2013) . In Korea, there are no restrictions on using primary, secondary, and tertiary medical institutions, and no penalties for repeated care. Without referrals for inpatient services, more services might be induced to both patients and providers (Park and Jang, 2012) .
Although this study found evidence that the financial burdens significantly decreased as coverage expanded, utilization and spending increased. To prevent escalating health service use, we recommend considering policy changes for government agencies to maintain budget viability for the national health insurance program. First, a copayment flat rate might be the most attractive incentive for patients who make unnecessary outpatient visits and/ or inpatient hospitalizations. This is also a great incentive to providers who are providing excessive unnecessary, expensive, and advanced tech services. The lessons from other studies show that increased cost-sharing decreases health care utilization (Leibowitz et al., 1985; Lohr et al., 1986; Newhouse, 2004) . Different rate of copayments could be applied depending on types of cancer, years of cancer treatment period, cancer stage at diagnosis and costs of various health services. This strategy could help controlling the moral hazard of both patient and providers as well.
Escalating healthcare costs caused by unnecessary utilization might be controlled by fixing reimbursement of annual copayments dependent on severity of cancer progression. Since payment is based on FFS in Korea, patients and providers lack incentives to reduce utilization. Government agencies alone can act to gauge national spending levels based on patient's severity, types, and patterns of care, then set reasonable episode copayments limitations.
Demand for private health insurance plans by NHI members, which broadly cover medical expenses caused by catastrophic illness and accidents, is driven by the limited coverage and weak financial protection from the NHI benefit package (Shin, 2012) . Private health insurance plans are both supplementary and complementary to the NHI plan by paying a lump-sum disbursement upon diagnosis of critical illness irrespective of actual medical bills and the receipt of care, or by providing itemized medical expenses compensation upon service use (Shin, 2012) . Since economically vulnerable populations are less likely to have private health insurance to cover their cancer treatment costs, different levels of coverage rate should be implemented based on socio-economic status, especially depending on possession of private insurance among NHI members.
Government agencies also need to focus on more on prevention, not just expanding coverage. Since the landmark reports showing that smoking causes lung cancer over a half century ago (Doll and Hill, 1954; U.S. Department of Health Education and Welfare, 1964) , expansion of smoking cessation programs should be first implemented. Furthermore, as our study confirmed, a large portion of healthcare spending occurs in the very endof-life, so attention should be paid to palliative care, and development and expansion of facilities such as hospices that specialize in end of life care.
This study has several limitations worth noting, and caution must be taken when interpreting the study's results or attempting to generalize its findings. Although we analyzed nationwide all inpatient and outpatient insurance claims for lung cancer during a defined period, South Korea's unique health care delivery and insurance system may significantly limit generalizability of the results of this study. Costs of care or rates of copayments are likely to depend upon the type of health insurance system in place and the ability of health care providers to negotiate the price of medical services.
Furthermore, we investigated only lung cancer patients. Therefore, our results will differ from spending and utilizations of other cancer patients, and this could weaken the reliability of our findings. A lack of data with which to analyze important aspects of patient care quality was another limitation of our study. Our study also suffered because it lacked non-insurance covered services information, one of the most important cost factors. Given the nature of claims dataset, this study artificially calculated the progression of cancer. Further research using cohort datasets should be performed to inform the association examined in this study controlling for proper severity. Lastly, advances in level of treatment and medical technology for lung cancer might increase utilization and spending. Further studies are needed to examine the associations among treatments, technology advancement and patient outcome.
Although several limitations are presented, to the best of our knowledge, this is the one of few evaluations of the impact of copayment policies on healthcare spending and utilization measures in South Korea. We believe our findings will prove useful to health policy makers, especially those residing in countries with national health insurance programs based on fee-for-service payments. Our findings add to mounting evidence of the need to develop a national cancer management strategy.
In conclusions, our retrospective cohort design study showed that cancer copayments policies over a decade in South Korea reduced patient burdens for both inpatient and outpatient health care services, although more burden was shifted to the NHI and overall healthcare costs. As coverage for cancer expanded, utilization measured by inpatient LOS and outpatient days also increased, suggesting that moral hazard might have been important in lung cancer patients. Furthermore, significant cost increases suggest that more expensive, technologically advanced treatments or diagnosis services were offered as coverage expanded. Lastly, this study suggests that the practice pattern within a hospital might be influenced by coverage policy. Health policy makers should consider initiating health policies to influence long-term outcomes of services performance and overall healthcare spending and utilization.
